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Multi-stage Optimization Planning of Large-scale A-CAES with Consideration of Mul-
ti-application Values Including Peak Regulation, Backup, Ramping and Inertia

WANG Jiaxu'2, MIAO Shihong'2, WANG Tingtao'?2, YAO Fuxing'2, TAN Haoyu'?, WANG Baisheng'?
(1. State Key Laboratory of Advanced Electromagnetic Technology(Huazhong University of Science and Technology),
Wuhan 430074, China;

2. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Advanced compressed air energy storage (A-CAES) has emerged as one of the most promising new energy
storage technologies due to its distinctive advantages such as large capacity, non-supplementary firing, long lifespan, and
low specific investment. To fully exploit the potential of A-CAES and enhance the rationality of its optimal planning, a
multi-stage optimization planning strategy for large-scale A-CAES considering its multi-application values in peak shav-
ing, reserve, ramping, and inertia support is proposed. Firstly, the growth trends of new energy and load demand are taken
into consideration, then a framework and process for multi-stage optimization planning of large-scale A-CAES are estab-
lished. Secondly, the application values and operational characteristics of A-CAES in peak shaving, emergency reserve,
flexible ramping, and inertia support are investigated. Finally, guided by the multi-stage economic and multi-scale effec-
tiveness values, these operational characteristics are mapped into planning boundaries to construct a multi-stage
optimization planning model for large-scale A-CAES. Case studies based on the modified IEEE-118-bus system demon-
strate that the proposed strategy can fully consider the multi-application values of large-scale A-CAES for allocation,
thereby avoiding energy storage resource redundancy caused by over-investment and rough estimation.
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TR 1 ke RiE 5 A—C KRR, B
H BB A-CAES FLRI 45 Rl 4 fos, S 54
FEin FARAS . AEREFR BT IAS . BRE &P B A S
RSB A i anE 5(a)s (b)~ (o)~ (d)FTR.

HHE 4 a5, fERURIS & b, BRI E
N, %5 A—C MREERZEHRLD, 558
1850, 1810, 1660 MW, FEEEZLEREE, K
25 A-CAES(300 MW 7 5 250 MW Z0) T A& 5%
IR AT BROAS 5 3 i P A R, AR IR 7 5
B E AP, Wd g E A-CAES(100 MW 2% 5
60 MW Z0)[f1 HLEE B 5 AR, BB IR,
BRI A E B 7 28 B AR AL 5
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K4 5 EP1 RIS R
Fig.4 Planning result of EP1
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3.21x108 €70, HE S(b)al A1, EIR s C Flkla
Hamb, HHAGRRER A S, MRIAIHERE
PHBAK, 2B AR CAAEVIIRFE AT R,
TEAEEBAT R M In) L, T3 AL B R HARLR,
B TR AR, TERRIR IR — € 5k
B &5 475, 5 A 555 B RIS
HEMIT, (HEZR ARE 300 MW R HE £,
HIgse A BRI FRG, KI5 A MGG e
WA SRAE I T %5 B

HE 5(c). (d)rl%, 7ERKIPIHIS BB, 3
5t A B T C BT e A =
R WA SIB4E A, H st A MiERERA
AR C 1) 36.38%. RIS, T35t A @ik
A-CAES Hiufib,  F 75 22 [n) R FL R 22 S A — 58
IZEH, 2 HRETISAT AR v] DA 15 2 () il e 5%
PRATE 5, A IZM Bo st A S A T 5%
C; MRS, S3BTER), &5t T B MIs AT AL
KHZEARKR, s A 55 B HE A —E ik
R A, 115 2 5 I RG0S AR T 50
TERRIAR IS B, &t e 58 A-CAES H
s, SR BN RS AR BB .

LIRS HL s AL B 5 RE MR T
SRARGHEAT Z W BORI, R DAkE S DRIRE A7 5 9% 36 %
PIfEREAEILR, TAMEBRTE A, MR A%
FEMIZ B Bk Z o oNRE 4, REedt— BTt R
Gu e T o R A I
43 T RTTREFHERMRIER ST

RNEGUFLE A-CAES ALK 7 v 28 F8 A 1700
FEME L EE, WG EP2, B8R AL D5

K5 5l EPL &5t
Fig.5 Economical analysis of EP1

D'. W& A HIASCHRIRR RIS R . 5% D:
A& A-CAES & T.IOURHE, € A-CAES HLiliz
17 RRONE EAE BB T ReR). it D' R
Y5 D BRI SR, SR A ST AR TR &R vt
5 A-CAES HLUEIZLTFERA. 5 A 5% D
kIR aE 6 Fron. 5 A D 5 DG
e b i 7 s o

HE 6 5K 7 A%, %5 D &€ A-CAES 1T
e N EE, MRS A K2 THAE, g5
D ~ A-CAES Wl B HE N FIMAE L, Fikds
5 D MHMRIAERR TR A, N1960 MW, LLHA
WD BT AR . SRT, 5% D Xt T A-CAES
BORAGTHE T R, K5 D MRS RN T
SUBLA R, ORI R EAT 535 A AT HL
BATHA, HWEZAT 5.63%MIfE R 7 A,
SEMRAE THE A, A 5 D AKE
A-CAES 22 THURF:, Bt BRI 25 R IF AR s A,
A A G AT IR AN o 1T AR SCABE A ] DA
% & A-CAES HLUIEAT T4, B 8 B AR (1) R K 45
RERRE T

BE— DB X AR TR PR 2R G0 B TR 5
W) Ji& 3B, RN Sa BB SR H 1 T B4 AT
ST, 5t D 5 D' A-CAES Hisifi 4 73+ & 8
B, A R4 THONUE, KB THNIERE, K
HLHLZE H 7 H R B s A B AT B

HE 8w %N, 75 D T A AR THldsE,
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Fig.6 Planning result of EP2

K7 % EP2 &5
Fig.7 Economical analysis of EP2

A-CAES HLuli B R TR K g« B 78808
177 asAT, K I 2 4EFFLE 40%~60%I[X 8], ~F
BITAER KN 145 h; 5 DOYREGAREE Bk
I Y RS TR, % A-CAES it 7% FH it g
AEOSJL I 70 L R TARARAS, R H R AR KRR AE
80%ULA |, ~P¥JTAER KR 13.125 h,

s A B A7 7150, KEHLA G13—G15 &
GrEmAR, AL THARE; G10—GI12 &5
B, WEefRIEA HFNLZEAT: G5—G9 MITE fifaf
AR AN 7t 138 4T s 1 G1—G4 S5 R %=,
A TFAFHLRES

LSS BAT AL, 5 DKL T
5 D 0 891.25 MWh, XEK A H D% T
DR, A-CAES HLMFEER MR IL T3 % D,
TERHNLASE N 77, Bkl D' G8 5 Gl2
HILAS [FFREE Y K o i35 D X A-CAES HLuE 2L
R THET R, fESEbRis T RE T, AR
THRITEZ: 8 AT 1R
44 A-CAES ZRRMEEHNS

NEALTEN A SR A-CAES I F-Te 4 -
W2 N HNE, KA A RIS ST 58T,
Frfdd ik 2 s, Hi, S8ERAN TS

Kl 8 A-CAES Hi¥fith 75114
Fig.8 Output scheduling of A-CAES station

#*2 A-CAES Z NI R PO 45
Table 2 Quantified evaluation results of A-CAES’s

multi-application values

M52 RAE A

VAT VRS 22 MR /MW 2014.25
AN B

AT IER 22 T B T/ % 49.20
FHME RGN IR LR/ % 100

e R AR L %% 77.16
@A {8

TR R AL 2R /% 98.32

SRR R /% 108.46
PR RN (E
TSR Z T FE T/% 91.93

AR ZE T R TR TR AL G AP LR
Xof HL PO AT S 43 e P AR BT HRO),  TH B R LB S
Ao TR D330 T s S KSR AR R 5 iU s
1T LB 9 B

% 2 Af%0, Bl® A-CAES HiulifE, RS5H0
TR ZRK T 2 014.25 MW, R 43R ik
FHSE A EL FIesRA Y B A-CAES
ulhiRIH . IXSEKA A-CAES H &850 1§ 7k A
IS PGET RIS, EE. &H . e
AR, A-CAES HLGi [ KRS N AT LA R
bk LA R A5 S e, SRk 7R 2 i LIRSS
NI 5 20 R 50 HL e - 9% FH I B R

% 2 A%, A-CAES HLUSEENIG, REZEN
TRESER T 8.46%, FREMZE T 8.07%, 45if
& 9 T4, 7E 00:00—08:00 I B, ZRGii Atk
EH, 6 6K TIHPRE, A-CAES Hub
Je KRG RAR, RS IR E YRR RURK
F; 7E 09:00—16:00 BB, Hraeds B E i,
K7 A-CAES L TAELE R AIRAS LAFE /41T
AELRE, THULRKCEEALAL. X RE RS SR AL 1R
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K9 RGEmAPFRAULE

Fig.9 Maximum frequency change rate of system

AL, FEA) A-CAES HLubE &R, ITARIE
RGBETAG: 18 17:00—24:00 B, 157K
B, ROMEITKHENLA, BRI

Bt —DE X A-CAES 2 N M EXT RIS RS
A F5 A B AR B R I A, o AR B
A-CAES Hiui RS Hiflg, &H. ey, 15& &
PURSSH) 4 K5t BE—H, i RIg R 5 &5
AU 3 Fi7R .

H2 3 AT, BT RIRIAR v 0 I 5 22 48
K, NHEFE A-CAES HuiZ 5iRIER) E 350K ik
WENRPEAR, FEARIBERLMH: SR F
A-CAES ML AFRUER R MRS, fERemIm ALl
AR, MCEAEWREE B, R R FE 2w
KNS B S s A, Rkt F
MADFRAMR TS5 AT 421%; 5% F
el 5 G h A-CAES USRI R I TEH AR 55,
SEATF AT 9.93%, fHRERE S E
WA P H 2% T A-CAES Bt &
#5—UCRMRE T, TERLER B R EER KA B
MUHAH G773, X RGBT ST T A RS2 .

gE LT, KBSk 48 = S Ak e R &t 5
MRS, & TeH R FHME, fEASCEGIF,
TEHRIKBIAE E A-CAES 2 5i1&, ¥4I L
AP R S B A fE, Rk A-CAES 1
WEANME S 4 SAME B T, IR A5y A R
AN HAth 3 ROMEHF AR ORI A . %5
FME. RS EINE.

5 #ip

1) KRAEE A-CAES Huhii T A& BURHI B AL

*3  A-CAES Z N HIfHEXSLE

Table 3 A-CAES multi-application value comparison

- AR R S B0RE

A E F G H

LB AT AR /(108 32 8) 8513 —  89.50 94.96 85.50
fiti BE A BLRA/(108 22 70) 605 — 559 572 6.03
fit REIE 4 RRA/(108 3£ 78) 060 — 056 017 0.0
BRA 11U 2 FH /(108 35 7) 018 — 019 014 0.8
SHFmAPEA/(0ET) 91,60 — 9546 10070 91.95
Fii B 25 5 /MW 180 — 180 1650 1810

FRA S R e, AR AR T R 3 L
R, N B A-CAES ML E R g, &M
S E I it

2) BRI KA A-CAES 2R BRI 7 v
B G R T 5 A B R RE R R TUAY, AT AR
TAERER A, It RGeS,

3) TERMEE A-CAES AL MIRIILFE % fe A
T, AR08 T X A-CAES B3 250R  oR
MAGTE, PRI R AR, 2t SR .

4) KHEE A-CAES HAM T 1. 2 H.
e, WM HME. EAREGF, BB KA
A-CAES Hiulif5, RS MmEs 2RI, &
Grh AR FE S S E Bl L R
BIH A-CAES HLUEH, RAEMMERS T
8.46%, FRAHZE FFET 8.07%.

B 5 WA F1) o 2% i (http://hve.epri.sgee.com.cn)
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